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INTRODUCTION

Previous research has produced little reliable shock avoidance
in pigeons.

Probably the highest level of avoidance in pigeons was

reported by Graf and Bitterman (1963) using a general activity re
sponse,

However, both the data of Graf and Bitterman and our own

observations indicate that even without the avoidance contingency
there is a pronounced increase in the general activity to a stimulus
that has been paired with shock,

Graf and Bitterman did run controls

in their second experiment which seem to show clearly that the shock
avoidance contingency does increase this activity, and hence they
apparently did obtain avoidance.

However, the investigation of

avoidance learning seems greatly complicated by the use of a response
that has a high frequency due to factors other than the avoidance
contingency.

The term avoidance contingency is used to refer to a
*

procedure in which primary aversive stimuli are eliminated or delayed
following a particular response, the avoidance response.

Avoidance

learning will be used to refer to behavior that results from this
contingency,
Investigators who have used more specific responses have had
less success with pigeon shock avoidance,

Hoffman and Fleshier (1959)

reported a failure to condition key-pecking as an avoidance response.
With one bird they tried head-lifting as an avoidance response, but
it never stabilized at a high level even after several thousand pair
ings of the warning stimulus and the shock,

Azrin (1959b) commented

briefly that he had conditioned a pigeon to peck a key on a Sidman
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avoidance schedule.

However, no data were presented and none has

been subsequently published from his laboratory on key-peck avoid
ance.

Other investigators have mentioned informally their inability

to confirm Azrin's comment, and attempts of our own have been unsuc
cessful.

Rachlin and Hineline (1967) reported conditioning a pigeon

to escape a shock train, but did not report avoidance training.
Hoffman and Fleshier (1959) have suggested that this difficulty
may result from the method of aversive stimulation and the choice of
response,

Azrin (1959a) reported that the scaly tissue on the feet

of pigeons has a resistance of over 10 megohms.

He states this re

sistance would necessitate, "the use of electrical stimulation of un
usually high voltages and impractically long durations (p.161)."

In

the same paper Azrin reported a procedure for delivering a shock to
pigeons through two gold electrodes implanted around the pubis bone.
This procedure appears to eliminate the resistance problem mentioned
above as well as the other problems associated with grid shock.
With regard to the choice of a response, Hoffman and Fleshier
(1959) said of the head-lifting response which they used:

"perhaps

more important is the fact that without prior training a rudimentary
form of the response is occasionally emitted during the shock itself
(p.214)."

Other investigators have also commented that the incom

patibility of responses such as key-pecking with shock may contribute
to the difficulty of training them as avoidance responses
1959b).

(Azrin

The present study explored the possibility that if a response

is used that may be an avoidance response of pigeons in their natural
environment, then high levels of avoidance may be achieved.
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Since

3
birds seem to avoid many threats by flying, the flight response was
selected.
Experiment 1 reports on the development of equipment and condi
tions that produce consistent high frequencies of flying with a sig
naled shock avoidance procedure.

Although an avoidance contingency

is applied to flight in Experiment 1, it may well be that other
factors beside the avoidance contingency are responsible for the fly
ing, as in the Graf and Bitterman (1963) experiment mentioned above.
Consequently, in Experiment 2 the influence of the various contin
gencies on the flying were compared to determine whether the behavior
was comparable to what has been called avoidance learning in rats and
other animals.
However, a term is needed to describe the flight response to the
warning signal during Experiment 1 before we get to Experiment 2.
These flights will be called avoidance flights because the avoidance
contingency was applied to them, though how comparable the learning
of that response is to the learning of avoidance by rats will be
determined in Experiment 2.
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EXPERIMENT 1, AVOIDANCE ACQUISITION

Method

Subjects

*

Eight homing pigeons, from 1-5 years old at the beginning of the
experiment, served as experimental subjects. Food, water and grit
were always available in the home cage.

Apparatus

The experimental chamber (see Fig. 1, A) consisted of a 3/4 inch
plywood enclosure, five and one-half feet wide, four feet deep and
eight feet high.

The plywood was left unpainted.

There were two

shelves or perches, one located at each end. Each perch was eight
inches wide and ran the entire length of the side, three feet up from
the floor. These perches, made of 1/8 inch plywood, were attached by
hinges to the side of the chamber.

The other side of the perches were

supported by two springs, at the front and back.

These springs were

adjusted so that a weight of approximately 250 grams, six inches from
the hinge, just activated a microswitch mounted underneath.

A flight

response was defined as the upward movement (3/4 inch) of either perch
as indicated by this microswitch.

This is the response to which the

escape, avoidance and other contingencies were applied during this
experiment.

A 150 watt, 110 VAC projector floodlight, located on the

floor of the chamber midway between the perches, was used for the
warning signal.

Continuous illumination was provided by an eleven
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watt incandescent houselight located on the ceiling halfway between
the perches and eighteen inches from the front wall. Shock was de
livered from a BRS shock generator (SG-002).

Shocks were adminis

tered to the animal through eighteen gauge shielded cable.
was not grounded, but was used only to stiffen the cable.

The shield
One end of

the shock cable was attached to the shock leads on the bird with NuWay
snap fasteners and the other end was wired to a phone jack.

The phone
t

jack was plugged into a receptacle mounted in a two inch by three inch
mini box.

The box hung from a pulley which ran along a steel cable

extending the length of the chamber six inches below the ceiling.

The

phone jack acted as a swivel allowing the bird to rotate without
twisting the cable.

The shock cable length was such that the bird

could not fly down to the floor or even appreciably below the level of
the perches.
A modification of the Azrin (195S) procedure for shock adminis
tration was used in the present study.

Four inch stainless steel

electrode wires (23 gauge) were looped through existing holes (see
Fig. 1, B) on each side of the breast bone (sternum) rather than the
pubis bone used by Azrin.

This attachment point was chosen partly

because it was more accessible and partly because its greater strength
reduced the danger of breakage during flight.
The electrode wires were cut off leaving
side the skin and about

\ inch

under the skin.

\ inch

of each end out

One end of a solder-

less butt connector was crimped to a twelve inch piece of stranded
zip cord and then the other end was firmly crimped to the two leads
from one electrode about

\ inch

from the skin.

One lead wire was
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connected to each electrode.

These leads were then brought behind the

shoulder, between the wing feathers and body, and firmly attached to
the steel eyelets mentioned below.

There was enough play between the

harness and the implant so that the weight of the bird hanging in the
harness did not put any strain on the electrodes.
The harness (see Fig. 1, B) used was a one inch by two inch piece
of Naugahyde with steel eyelets set in the four corners and two in the
center for attachment of the lead wires. Two four inch rubber bands
were tied with another rubber band between the eyelets on each side of
the harness.

One rubber band was slipped over each wing.

The Nauga

hyde seemed to work as well as the cowhide used by Azrin and was not as
expensive.

The rubber band attachment eliminated the irritation and

bleeding that resulted if the Naugahyde was fitted over the wing.
Avoidance contingencies were programmed automatically with relays,
steppers and timers.

Data were recorded on impulse counters and an

Esterline-Angus event recorder.

Procedure

Preliminary Testing. Birds were first tested for their ability
to fly by throwing them in the air six feet above the floor.

Two

birds that fell to the floor repeatedly without flying were discarded.
Prior to avoidance training each bird was given three presentations
for five seconds of the warning signal alone separated by a 30-second
intertrial interval.

Following this, avoidance training began.

Four

different procedures (see Table I) were employed during the first few
training sessions.
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Procedure I . A constant shock intensity of 10 ma was used
*

throughout this phase of the experiment.

A warning signal, five

seconds in duration, was presented every 30 seconds.

If the bird did

not fly during the five seconds of the signal, the signal continued
and a 200 m s , 10 ma shock was delivered at three-second intervals un
til the animal flew or until a total of seven shocks had been pre
sented.

Flights during the five-second warning signal before the

shock will be called avoidance flights since they eliminated shocks
on that trial. Avoidance flights also terminated the light and
started the next intertrial interval.

Flights during the shock train

will be called escape flights since they terminated both the shock
train and also the light.

Escape flights which occurred during a

200 ms shock did not alter the shock duration.

Intertrial interval

flights delayed onset of the warning signal 30 seconds.
Procedure II.

Procedure II (see Table I) differed from pro

cedure I only in that intertrial interval flights had no effect.

All

other contingencies were identical.
Procedure III. This procedure differed from the preceding ones
only in the introduction to shock on the first day.

The same 10 ma,

seven shocks per train were eventually given, but the first shock was
a single 200 ms, 2 ma shock.

The intensity was increased one ma on

each trial until the first flight (escape). Whenever the bird flew
the intensity was not increased on the next trial.

After the first

flight, the next trial without a flight was followed by a one ma in
crease and change to the seven-shock train on the next trial.

This

seven-shock train continued unchanged throughout the experiment.
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However, from then on the shock intensity was increased one ma on the
trial following three successive trials occurred without a flight.
This seven-shock train continued unchanged throughout the experiment.
However, from then on the shock intensity was increased one ma on the
following trial whenever three successive trials occurred without a
flight.

This schedule of shock increase continued until 10 ma was

reached, at which level the shock was then maintained.

Birds 4134

and 1000 received approximately the same treatment.
Procedure IV.

Procedure IV was identical to procedure III except

that on those trials without a flight during the light, the warning
signal terminated after the first shock in the shock train, on those
trials where no avoidance trials occurred.
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RESULTS AND DISCUSSION

Figure 2 presents the avoidance acquisition data for all eight
birds.

The percentage avoidance is plotted as a function of sessions.

As can be seen, all birds quickly learned to avoid on at least 80% of
the trials and several stabilized above 95%.

With 95% avoidance, the

animal received only one or two shocks during the session.
The first two birds, 200 and 300, tested on procedure I, learned
avoidance quickly (see Fig. 2, A 8s B ) . After these two birds, the
programming circuit was changed to allow additional data collection.
The behavioral contingencies programmed by this new circuit (see
Procedure II, Table I) were identical to procedure I except that
intertrial flights had no effect. However, the next two birds, 4134
and 1000, trained on procedure II, failed even to learn to terminate
the shock train.

The behavior of these two birds indicated that this

failure might be due to too high an initial shock intensity.

Subject

1000 only flew on the first two trials of session one and thereafter
lay on the perch making no movements except jerks to the shock.
Another session with this bird and procedure produced no flights.
Although on the first day subject 4134 flew on 40 out of the first 71
trials, he did not fly on the remaining 13 trials.

On the second day

this bird stopped flying after 54 trials and exhibited the same be
havior as reported for 1000.

The success with procedure I and fail

ure with procedure II does not seem to be. due to the difference in
procedures since the difference was only in the effect of intertrial
flights and neither bird made any intertrial flights. The difference
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is apparently due to individual differences between birds in sensi
tivity to shock.

These differences may have been responsible for the

success of procedure I with two birds and the failure of procedure II
with two other birds.

It appeared that possibly too intense a shock,

early in training greatly reduced all behavior including flying.

Con

sequently birds 1000 and 4134, after a rest, were tested with pro
cedure III (see Table I), which is just like procedure II except that
the shock was gradually increased from 2 ma to 10 ma and from a single
shock to a seven-shock train.

The rest consisted of several days in

their home cages, after which for two days they were fed for 15 min
utes in the experimental chamber with the houselight on but no trials.
These birds were then tested on procedure III where they developed the
same high level of avoidance as the other birds (see Fig. 2, C, D ) .
Two more birds , 625 and 1949, were trained with this procedure from
the start (see Fig. 2, E, F ) . Although not studied further, the
gradual introduction of shock on the first two days of training seemed
to be important in obtaining flying to the shock.

However, once a

bird has learned to escape most of the shock train there seemed no
observable difference in behavior to shocks ranging from 8 to 14 ma.
Experiments to be reported later indicated that the behavior was
little affected by whether the light remained on during the shock
train or terminated after the first shock (on trials where no avoid
ance flight was made). To determine whether this had a major affect
on conditioning, two birds, 3501 and 1030, (see Fig. 2) were trained
with procedure IV (see Table I) in which the light terminated after
the first shock.

These birds acquired avoidance as well as the six
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earlier birds, in fact they obtained the highest percentage avoidance
seen although these data are clearly inadequate to claim that the
improvement was due to the procedure change.
Although the procedures used on the first few days of training
differed considerably between birds , this fact did not seem to have
any appreciable affect on acquisition of the avoidance response.
The response topography was quite stereotyped in all birds.
Birds were never observed standing more than five inches from a
comer.

When by accident the shock cable was shortened on one sub

ject, (1949, session 15) the bird was observed, during the intertrial
interval, straining at the shock cable in the direction of the corner.
That this factor had a pronounced affect on behavior, can be seen in
Figure 2, E . When the cable was lengthened to the usual length, after
session 15, so that the bird could stand in the corner, the avoidance
rate quickly returned to its former level.
Most birds also showed a quite stereotyped reaction to onset of
the warning signal.

After only ten to twenty trials in session one,

most birds jerked their head and body up and back at the signal onset.
However, this jerk dropped out before the end of session one.

Before

avoidance responding appeared an increase in movement~was seen toward
the end of the five second warning signal.

Locomotion did not occur

just head and body movements and some treading.

The flying response

was almost always a single flight from one perch to the other.

The

birds rarely made a second flight within two or three seconds of the
first (less than 1 per session) except for a few during the first
two sessions.
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Two cases of low avoidance due to apparatus failures were marked
with parentheses in Figure 2.

The wing of bird 1949 on session 11

became tangled in the shock cable.

The warning signal did not occur

during the last two thirds of session 26 for bird 300.

The drop of

bird 300 to zero on session six was probably due to an accidental
shock given during an intertrial interval on day five.
It may be helpful to briefly mention some exploratory measure
ments which led to the procedure used above.

Eight White Carneau

pigeons were tested with procedure I , but only one learned escape and
avoidance.

Two others made a few escape flights spread over the first

two or three days but then stopped flying.

One White King tested with

procedure III escaped 70% of the trials on day one but escaped little
on day two and none on day three.

Some of these failures may have

been due to the same lack of the flight response as later seen in two
homing pigeons when thrown into the air, however, the Carneaus and
Kings were never tested for flight.

At least some of these failures

(those birds that did escape a few times) seem to be due to the 10 ma
initial shock intensity, which appeared to be the difficulty in con
ditioning birds 1000 and 4134, and that led to the change to a gradual
increase.
Six homing pigeons were studied with a procedure similar to pro
cedure III but with single, 200 ms shocks instead of a train of seven
shocks. They were studied in a smaller (four feet by four feet by
four feet) chamber painted black inside.

Although a few escape

flights were made by some birds, all stabilized at 0%.

We have no

further evidence as to whether the results were due to the different
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shock or different box but suspect the shock difference was more
important.
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EXPERIMENT 2, ROLE OF VARIOUS CONTINGENCIES IN AVOIDANCE

Experiment 1 showed that flying responses increased during a
light signal that had been paired with shock when this signal was
terminated and shock was omitted following a flight.

In Experiment 1

two different contingencies were applied to flight responses:

(1) The

avoidance contingency, i.e. shocks were omitted on trials where the
bird flew before the shock.

(2) The light was terminated following

flights (the light was paired with shock when the bird did not fly
before the shock). Are these contingencies playing any role in in
creasing flying; or would the same flying result from Pavlovian con
ditioning when flights do not avoid the shock or terminate the light?
If one or the other of these two contingencies are effective, what is
their relative role?
Studies of this sort have rarely been reported.

Kamin (1956)

showed that a group of rats ("Normals") which received the normal
avoidance conditioning procedure in a shuttle box produced a signifi
cantly higher number of responses to the signal than did a group,
("Classicals") run on Pavlovian conditioning.

Herrnstein and Hineline

(1966) employing a similar "extinction" procedure following un
signaled avoidance training in rats found the terminal rate of re
sponding on this procedure to be virtually zero. As mentioned earlier,
Graf and Bitterman (1963) reported yoked control data for a Sidman
avoidance procedure with pigeons and the activity response.

Although

at the start the activity of their control birds was more than the
avoidance birds, after several days of training the activity of the

with perm ission o f the copyright owner. F urther reproduction prohibited w itho ut perm ission
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control birds was much less than that of the avoidance birds.
•

The relative role of warning signal termination and the avoid
ance of shock contingency has also been studied by a few investi
gators . Mowrer and Lamoreaux (1942) have shown that learning is much
faster when the warning signal terminated immediately after a re
sponse as opposed to terminating at some fixed period of time.

They

also found significantly more responding from the group whose re
sponses terminated the signal than frpm either, (1) a group with a
one-second presentation of the signal five seconds before the shock,
or (2) a group in which the signal terminated five seconds after the
response.

Kamin (1956) in the study mentioned earlier also attempted

to separate the effects of warning stimulus termination and shock
avoidance.

Of the four groups studied by Kamin, the data on the

"Normals" and the "Classicals" were mentioned above,

Kamin found that

the group with only "terminate-CS" and another with only "avoid-US"
made an intermediate member of responses, more than those animals with
Pavlovian conditioning but less than those with both signal termination
and the avoidance contingency.
In the present experiment, the various contingencies were manipu
lated much as in the experiment of Kamin to determine their relative
roles.
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Method

Subjects

Six of the eight birds, used in Experiment 1, served as experi
mental subjects.

Birds 200 and 300 were eliminated because their

electrodes had pulled out.

Food, water and grit were continuously

available in the home cage.

Apparatus

The same chamber and programming equipment, described for
Experiment 1, were used.

Procedure

The procedure of the present experiment consisted of a sequence
of different treatments, each a modification of the contingencies.
used in Experiment 1.

Table Ila shows what effect a flight during

the light had on the light and shock for each set of contingencies
used.

Two of the procedure, Cl and C2, are the same as procedures III

and IV of Experiment 1.

The names listed on the right hand side of

this table are abbreviated descriptions of the contingency sets. The
top left portion of the table gives the detailed description of the
contingencies operating in each set. The shock escape contingency,
the termination of the shock train is not shown in the table because
this contingency was always present.

Throughout this experiment it

was rare for a bird to fail to terminate the shock train after the
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first shock.

Table lib shows the sequence of presentation used on all

birds.
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RESULTS AND DISCUSSION

The first comparison shown in Figure 3 was between ordinary
avoidance, (Cl, long light, ended by flight, and avoidance) and es
sentially a Pavlovian procedure (short light, not ended by flight, no
avoidance).

The purpose was to determine how much behavior remained

with neither the avoidance contingency nor the warning signal termi
nation after a response.

It should be noted that when the avoidance

contingency is eliminated, a "superstitious" or delayed punishment
contingency is added to the avoidance response.

Without the avoid

ance contingency, shocks occur on every trial and every avoidance
flight is followed by a shock within five seconds , and since many
avoidance flights occur in the last one or two seconds.

Consequently,

all avoidance flights receive at least delayed punishment and some
punishment with almost no delay.

This is "superstitious" in that this

shock occurs whether the avoidance flight is made or not, but it seems
quite likely that this contingency does have at least some of the re
sponse decreasing action that the direct punishment contingency has
been shown to have in many situations. At least the depressing action
cannot be assumed absent until so proven.

Hence, there are actually

three contingency changes between Cl and C 6 :

(1) elimination of the

avoidance contingency, (2 ) the resulting addition of a superstitious
punishment contingency and (3) elimination of the termination of the
light signal after flights before shock.
Figure 3 shows that the responding of all four birds on the
Pavlovian procedure dropped to J or less of its avoidance levels.
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There was no overlap between any point during the Pavlovian procedure
and the 15 days of avoidance preceding.

Two birds dropped to very

low levels, about 10% responding, but two stabilized at 33% and 47%.
This level is surprizingly high considering that every one of the
flights was followed by shock.

Escape reinforcement was still avail

able and the birds eliminated all except the first shock in the train.
The reason for this high responding in these two birds is unclear;
two possibilities are, some degree of Pavlovian conditioning and
generalized responding from the escape response.

Kamin*s (1956)

results would be quite comparable to our average.
It is apparent from the table of contingencies at the bottom of
Figure 3 that there is a confounded variable in the comparison be
tween Cl and C 6 , namely the time of termination of the signal, wheth
er after the first or last shock in the shock train.

This problem

arose because in the initial training we sought to maximize the con
ditions for high levels of flying and consequently the signal was
paired with all seven shocks in the train and was furthermore termi
nated after escape flights as well as avoidance flights.

However, in

the Pavlovian procedure, C 6 , it was desirable for flying to continue
to receive escape reinforcement but undesirable for it to continue to
receive reinforcement from signal termination as before.

It seemed

best to have the signal terminate at the first shock before the escape
response. Hence, the confounded variable in Figure 3.

However, there

is considerable evidence that the long light in Cl had little effect.
For this reason, Cl and C2 are compared in the two right columns of
Figure 3.

Cl and C2 are the same except that C2 had the short
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stimulus and as can be seen from Figure 3, little difference was found
between them.
In Experiment 1 the last two birds were conditioned with C2
(Procedure IV of Experiment 1).

There was no appreciable difference

between them and earlier birds (with C l , Procedure III, Experiment 1)
and if anything the avoidance of the former was higher.

In these two

birds (3501 and 1030) the proper comparison between C2 and C 6 was
made with the signal always terminating after the first shock in both.
The results shown in Figure 4 are essentially the same as that seen in
the previous four birds shown in Figure 3.
20% or less was seen.

A very pronounced drop to

Again there was no overlap between any point

in C 6 and the last 15 days in C2.

Whether the signal terminates at

the first or last shock seems to have little or no effect, and this is
ignored in future comparisons. The above discussion also explains why
C4 in Table Ila was never tested (C4 oni

xffers from C5 in that it

has the noncomparable long light).
We have seen that when we eliminate the avoidance contingency
and thereby superstitiously punish every flight to the light signal,
and eliminate the termination of the signal after flights to i t , the
number of flights drop greatly.

This seems to show clearly the effect

of the three contingencies; elimination of the avoidance and light
termination contingencies and addition of the superstitious^ punish
ment . These are the contingencies (avoidance, with its resulting
lack of punishment and light termination) to which much avoidance
behavior is usually attributed and the ones that seem to be responsi
ble for avoidance behavior by other organisms, e.g. in Kamin's study
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(1956).

Thus, this behavior seems to be comparable with avoidance

behavior in other species and consequently it seems appropriate to
*
call it avoidance learning. The high level of flights by two birds
(1000 and 4134*) on C 6 shown in Figure 3 cautions that there is in,
at least some birds, some other source or sources of flying behavior.
However, the effect of the above contingencies is quite clear.
Now the question arises as to the relative role of the two con
tingencies mentioned above and the punishment that results from no
avoidance.

Figure 3 shows the effect of adding back light termina

tion after flights (C6-C5, Figure 3).

Two birds (4134 and 1000

showed increases (no overlap in one, one day of overlap in the other)
The two birds that dropped to a very low level on the Pavlovian pro
cedure (625 and 1949, C 6 ) did not increase appreciably.

Both the

animals in Figure 4 (C6-C5) showed over 40% increases.

It appears

that the light termination after a flight does provide some reinforce
ment especially in some birds.

If anything this comparison probably

under estimates the role of light termination due to the depressing
effect of 100% punishment of all flights to the light in the C5
procedure.
Furthermore, in Figure 4 we see that one bird given a second
repetition of the C5 procedure after C5 did not increase the second
time.

Closely related to this is a later repetition of the C5 pro

cedure on three of the four birds shown in Figure 6 (the fourth, 1000
was the victim of an accident). Here the C5 procedure followed high
levels of flight and yet bird 4134 showed little drop on going to
C 6 , the Pavlovian procedure.

However, 4134 showed a rise in Figure
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3 , set C 5 . Thus, it appears the longer the bird is run the less
effect the signal termination has.

However, early in training high

effects can be seen in spite of the high level of superstitious
punishment in the C5 procedure (see Fig. 4, set C5).
Next let us consider the effect of the reverse procedure, C3,
which has the avoidance contingency (and consequently, no punishment)
but does not have signal termination.

Figure 6 (right 2 columns)

shows that three birds went from rather low levels of flying to high
levels with this contingency.

Note that the performance with this

procedure (C3) was very close to normal avoidance, C2.
shows the same result on another bird (3501).

Figure 4

This seems to indicate

the great importance of the avoidance contingency, however, it must
be remembered that without the avoidance contingency every flight to
the signal is superstitiously punished.

In addition, after an avoid

ance flight in C3 the signal goes off at the time when the first
shock would have occurred had no avoidance response been made.

If

flights occur toward the end of the five second signal, they will be
reinforced by only slightly delayed signal termination (superstitious)
The importance of this factor was pointed out by Kamin (1956).

In

Figure 5 a close comparison is shown of C2 and C 3 , ordinary avoidance
and avoidance without signal termination.

Here the daily values were

compared instead of means to show that the responding without signal
termination (C3) stabilized as high as the ordinary avoidance.
However, all birds showed an effect of changing to this procedure (C3)
What maintains the birds flying on the avoidance procedure with
out response termination of the signal?

Although the punishment de-
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presses without avoidance, the lack of punishment does not directly
produce the flight with avoidance.

Some reinforcement may come from

delayed signal termination as mentioned above.

Why then is there a

drop in flight followed by a rise in Figure 5.

It was pointed out

that in some birds early and in others late in training the signal
came to have little affect on responding.
The two factor theory of avoidance especially as developed by
Shoenfeld (1950) points out that the avoidance contingency does not
directly reinforce responding.

It is only by making certain stimuli

aversive and by then terminating these stimuli following a response
that the responses are reinforced.

In procedure C3, there are

stimuli paired with shock that terminate after a flight, namely the
stimulus of signal-on-plus-no flight recently.

This condition is al

ways followed by shock and as such should be highly aversive.
on -pius -flight recently is never paired with
low aversiveness.

Signal-

shock and so willdevelop

Clearly the stimulation following flight will

be

less aversive then before, and consequently the response will be re
inforced by this decrease in aversiveness.
Thus, it maybe said that
the main aversive
aversiveness.

early in training the signal alone is

stimulus and change to signal off reduces the

But with training on set C3 the more important

aversive stimulus becomes signal-on-plus-no-flight recently.

Hence,

the signal termination contingency will come to control behavior less,
as the data have shown, and the behavior will be less influenced by
the condition of signal termination after flights.

The dip seen in

Figure 5 would be due to learning of the new aversive stimulus ,

R eproduced with perm ission o f the copyright owner. F urther reproduction prohibited w itho ut perm ission.

signal-on-plus-no-flight recently.

This analysis is supported by

good temporal discriminations throughout this experiment, i.e. the
birds respond more often near the end of the five second signal than
near the beginning.

Figures 7 and 8 show the relative frequency of

flight with different latencies during the signal for the last
session on procedure C 3 . As can be seen, all five birds show a much
higher tendency to fly late in the interval as opposed to early.
Bird 1000 received an additional extinction control procedure.
With no shock, but with the signal termination contingency, flights
to the signal dropped to one per day after four days.
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TABLE CAPTIONS

Table I .

Description of the experimental treatments employed on

the first few days of training in Experiment 1.

Table Ila. Description of the contingency sets employed in Experi
ment 2 .

Table lib. The sequence of presentation of the contingency sets used.
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FIGURE CAPTIONS

Figure la.

A schematic representation of the experimental chamber.

Figure lb.

A schematic representation of the electrode and harness

arrangement.

Figure 2.

Percentage of trials with a flight to the warning signal

as a function of trials.

Figure 3.

The mean percentage trials with a flight to the warning

signal during sets Cl, C 6 , C 5 , Cl, C2.

The sequence shown is identi

cal to the sequence used in the experiment, e.g. C 6 followed Cl and
the second Cl shown is for a later presentation of the same con
tingency .

Figure 4.

The mean percentage trials with a flight to the warning

signal during sets C2, C 6 , C 5 , C 6 , C 5 , C3.

The sequence shown is

identical to the sequence used in the experiment.

Figure 5.

The percentage of trials with a flight to the warning

signal as a function of sessions, for sets C2 and C3.

Figure 6 .

The mean percentage trials with a flight to the warning

signal during sets C2, C5 , C 6 ,] C3 (second presentation).

The

sequence shown is identical to the sequence used in the experiment.

Figure 7.

Frequency of trials with a flight to the warning signal

as a function of latency.
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Figure 8.

Frequency of trials with a flight to the warning signal

as a function of latency.
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TABLE I

Pro
Intertrial Interval
Responses:
cedure

I

Delayed Warning
Stimulus Onset
For 30 Seconds

Shock Intensity on
First Few Days:

10 ma Throughout
Experiment

When No Flight
First, Light Ter
minated :

At the End of Last
Shock (seventh) in

Birds

200

300

Shock Train

4134 (ear
ly)
1 0 0 0 (early)

II

4134 later

Had
III

No
Effect

1 0 0 0 later

1949
625

Gradual
Increase From
2 ma to 10 ma

IV

At the End of the
First Shock in the
Shock Train
■
----------

3501
1030
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TABLE Ila

Shock:
Always
Omitted.
Occurred
After
Flight

Light Off:
Contin
gency After Flight After Flighl After
or After
First
or After
Set
Number Last Shock* First Shock* Shock**
Cl

+
+

C2

+

C3
C4

Cl

+

C2

+

C3

+
+

C6

Number

+

+

C5

Contingency Set

+

C4

+

C5

+

C6

i

Name
Long light, Ended by Flight
and Avoidance ***
Short Light, Ended by
Flight, and Avoidance ****
Short Light, Not Ended by
Flight, and Avoidance
Long Light, Ended by Flight
NO Avoidance
Short Light, Ended by
Flight, NO Avoidance
Short Light, Not Ended by
Flight, NO Avoidance

TABLE lib
Order

Birds

A

625, 1949, 4134

B

1000

C

3501, 1030

Sequence of Contingency Sets
(See Figure 6)
(See Figure 3)
Cl, C 6 , C5, Cl, C2,
C3

C2, C5, C 6 , C3
C5, C3, C2, Cl

(See Figure 4)
C2 , C 6 , C5 , C 6 , C 5 , C3

i

*(Whichever First)
**(Flight No Effect)
***(Procedure III, Exp. 1)
****(procedure IV, Exp. 1)

E?Utt Connector
Stimulus
Warning
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